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INTRODUCTION
Water erosion transports nutrients, some at high concentrations, in solution and adsorbed onto sediments, which causes problems related to the depletion of agricultural soils and eutrophication of surface waters. According to the study of Klimaszyk et al. (2015) , runoff significantly affects the chemistry of a lake, which suggests that the gradual replacement of monocultures is likely to increase the nutrient load for fresh surface waters.
Studies involving different soil management systems, Bertol et al. (2007) and Tartari et al., 2012, reported that soil losses were more influenced by management systems than were water losses. Some studies (Ramos et al., 2014b; Luciano et al., 2009 ) have shown that water losses due to water erosion have the same tendency as soil losses but with smaller differences between treatments. Similar losses have even been reported to occur among the different soil tillage methods (Bertol, 1994) depending on conditions such as rainfall, soil type, topography, and the crop succession/rotation used in the soil management system. The concentration of a particular nutrient in the runoff water varies mainly with its concentration in the soil, which is influenced by the soil type, fertilization, and type of management used. The total amount of the nutrient transported by water erosion processes depends on its concentration in the eroded material and the total volume of the material lost due to erosion (Munodawafa, 2012) .
In the State of Mato Grosso (Brazil), information is lacking for evaluations of water and nutrient losses in the laminar runoff under different types of soil management, as well as the possible impacts these losses may have on the environment. The information available in the literature is often based on the extrapolation of results of studies in other Brazilian states. High concentrations of nutrients-especially nitrogen (N)-in the water can cause damage to the environment and to human and animal health. Phosphorus (P) and N are essential elements for triggering the eutrophication of water resources; however, P is considered to be the limiting element because N can be supplied via the fixation of atmospheric N by some aquatic plants (Vidal & Capelo Neto, 2014) . In addition to eutrophication, N may also cause human health problems Engenharia Agrícola, Jaboticabal, v.38, n.6, p.864-873, nov./dec. 2018 such as blue-baby syndrome or methemoglobinemia, which is an alteration of the blood oxygenation due to nitrate-NO3
- (Ortiz, 2015) . The quantification of water and nutrient losses in runoff is fundamental for the definition of critical limits of tolerable loss in the cultivated areas in the State of Mato Grosso, which is a predominantly agricultural region, and depending on the soil management, these cultivated areas may be suffering very high losses of water and nutrients. The objective of this study was to evaluate the losses of water and nutrients by runoff in a Typical Acric Redyellow Latosol cultivated with cotton under different soil tillage systems subjected to natural rainfall.
MATERIAL AND METHODS
The study was developed in five experimental plots, 3.5 m wide and 11 m long, set up in the Mourão I Farm (Coord. X: UTM 723135.9 m and Coord. Y: UTM 8291389.1 m) located in the municipality of CampoVerde, Mato Grosso State, Brazil (Figure 1 ), in an Typical Acric Red-yellow Latosol with a clayey texture and an average slope of 0.025 m m -1 . The experimental plots were cultivated with cotton (Gossypium hirsutum), and a notillage seeder was used for the sowing on Each plot received different soil tillage treatment: 1) conventional tillage (one pass of a disk harrow and two passes of a leveling harrow in the plot) and downhill planting-that is, the planting was done in the direction of the slope (CTDP); 2) conventional tillage and contour planting-planting was done perpendicular to the slope (CTCP); 3) tillage by passing a disk harrow and a leveling harrow over the plot, followed by contour planting (CP); 4) tillage with two passes of a leveling harrow, followed by contour planting (CoP); and 5) minimum tillage and contour planting (MTCP). In this last treatment, the management used on the studied farm was adopted (Table 1) . In the 5 years prior to the establishment of the experiment, the area under study had been managed with the minimum tillage system, using millet (Pennisetum glaucum) as plant cover for the formation of straw, with its seeds distributed by broadcast seeding and then incorporated using a chain pulled by two tractors. The fertilizations for the 2005/2006 crop were performed at three different times: broadcast fertilization at planting (nitrogen, phosphorus, potassium, and boron), done on October 22, 2005; topdressing fertilization (nitrogen and potassium), done 15 days after emergence of the cotton seeds; and, finally, second topdressing nitrogen fertilization (urea), done 50 days after emergence of the cotton seeds (Table 1) .
The experimental plots were set up according to the specifications of Wischmeier & Smith (1978) and were composed of the following parts ( Figure 2 ): a) Rain catchment area-3.5 m wide and 11 m long, delimited with 0.25 m high galvanized sheets, driven 0.10 m into the ground; b) Collecting gutter and PVC tube (100 mm)-bottom part of the plot with the function of capturing and transporting the runoff to the collection structure; and c) Collection structure-positioned at the lower end of the experimental area, composed of a rectangular box of galvanized sheet metal, containing a filter system (geotextile fabric). In this box, there was an outlet consisting of a "Geib" divider, with nine openings (d). The central opening was connected to a drum (e), which stored the runoff water that passed through the 1/9 fraction of the Geib gutter.
The sediments transported by the laminar runoff were retained in a filter (geotextile fabric) that enabled the separation of the larger soil particles. The collections for analysis of nutrient losses in water were done in this structure after the filtration.
The total rainfall in the experimental plots was measured daily by pluviographs from December 2005 to June 2006. The rainfall coefficient (Rc) was calculated for each period between collections (approximately every 15 days), using the mean pluviometric values for the period between collections. The rainfall coefficient was determined by [eq. (1) Pm= mean precipitation in the period between collections (mm), and Pa = mean annual precipitation (mm).
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The rainfall erosivity (EI30) was determined from pluviometric data based on adjustment of the methodology proposed by Bertoni & Lombardi Neto (1990) , which estimates the EI30 index using the rainfall coefficient (Rc) according to [eq. (2) ]. According to Leite et al. (2009) and determined by flame photometry. CTDP = conventional soil tillage and planting of the cotton in the direction of the slope; CTCP = conventional tillage and contour planting; CP = tillage of soil with a disk harrow and a leveling harrow, followed by contour planting; CoP = tillage by two passes of a leveling harrow followed by contour planting; MTCP = minimum tillage with contour planting. Same letters do not differ statistically by the identity testing of models fit to the infiltration rate data (p<0.1) FIGURE 3. Water infiltration (WI) rate in different soil tillage systems (Leite et al., 2009 ).
The statistical analysis consisted of model fitting to describe the trends of the losses of water and nutrients from the runoff over time for each treatment (type of soil tillage system). After defining the models, identity testing was done to allow a statistical assessment of the differences among the treatments and their respective variables.
RESULTS AND DISCUSSION
Considering the total rainfall in the experimental period in the different soil tillage systems, the water losses due to water erosion were very low (Figure 4 ) -lower than 2,13% for the conventional tillage and planting done in the direction of the slope. When studying water and nutrient losses by runoff in large vegetable plots under conventional and organic agriculture and in a forest system (control), Ramos et al. (2014a) observed low water losses (< 1%) compared to the total rainfall during the period studied. CTDP = conventional soil tillage and planting of the cotton in the direction of the slope; CTCP = conventional tillage and contour planting; CP = tillage of soil with a disk harrow and a leveling harrow, followed by contour planting; CoP = tillage by two passes of a leveling harrow followed by contour planting; MTCP = minimum tillage with contour planting. Same letters for the total water losses (mm) do not differ between each other for the identity testing of models (p<0.05). FIGURE 4. Total water losses (mm) and water losses in relation to the total precipitation (%).
The differences in the water losses via runoff in the five soil tillage systems studied here allowed the separation of these losses into three groups: the largest in the CTDP tillage, intermediate values in the CTCP, CoP, and MTCP tillage systems, and the smallest in the CP soil tillage. For the losses in the different soil tillage systems, these results agree with those of Panachuki et al. (2015) , who found the lowest losses for treatments with the highest mulch densities when studying water losses in the erosion process. Panachuki et al. (2011) reported that the water losses in the different management and soil coverage systems were higher in the soil tillage systems with harrowing and incorporation of the plant cover; however, in direct seeding, without the presence of plant cover, the water losses were higher than those found in the treatments using a harrow.
The largest water loss values in the plot with the CTDP soil tillage system corroborated the results obtained by Marioti et al. (2013) , who obtained the largest water loss results for treatments involving sowing in rows in the direction of the slope when evaluating the water and soil losses by water erosion in two sowing directions (sowing in rows in the direction of the slope and sowing in rows perpendicular to the slope).
The variations in the water losses on different sampling dates were similar to those in the rainfall erosivity index (EI30) when the same scales and units of measurements of the respective vertical axes ( Figure 5 ) were considered. Among the nutrients lost by laminar runoff, the greatest losses were observed for potassium (K), whereas the amounts of nitrate (NO3 -), nitrite (NO2 -), and phosphate (PO4 3-) lost in water through laminar runoff were low compared to the potassium losses ( Figure 5 ).
Although the losses of phosphate (PO4 3-) in the runoff were low, an atypical result of 270 g ha -1 of PO4 3-was observed for the CTDP treatment ( Figure 5 a) in collection number 11 (04/04/06), which corresponds to 98% of all the phosphate lost in the period studied. This fact can be explained by the high concentration of the element in the erosion process in this collection (25 times higher than that in all of the previous collections-see Table 2 a), combined with the high water loss (3.40 mm) via runoff on this date (Figure 5 a) , and by the mineral phosphate fertilizations, as shown in Table 1 . These results agree with those published by Ramos et al. (2014a) , in which high concentrations of phosphorus in the runoff were obtained in a conventional agricultural systemreported by the authors as being due to the large amounts of mineral fertilizers supplied into the system. The lack of plant cover and the planting of the cotton in the direction of the slope (downhill)-a situation to which the CTDP treatment was subjected-decreased the rate of water infiltration in the soil and the surface roughness. In this study, this situation contributed to the increase in the runoff volume and flow rate, causing the high loss of phosphate in this collection.
(a) CTDP = conventional soil tillage and planting of the cotton in the direction of the slope; (b) CTCP = conventional tillage and contour planting; (c) CP = tillage of soil with a disk harrow and a leveling harrow, followed by contour planting; (d) CoP = tillage by two passes of a leveling harrow followed by contour planting; (e) MTCP = minimum tillage with contour planting. NO3 -= nitrate NO2 -= nitrite, PO4 3-= phosphate, and K = potassium. (a) CTDP = conventional soil tillage and planting of the cotton in the direction of the slope; (b) CTCP = conventional tillage and contour planting;(c) CP = tillage of soil with a disk harrow and a leveling harrow, followed by contour planting; (d) CoP = tillage by two passes of a leveling harrow followed by contour planting; (e) MTCP = minimum tillage with contour planting. NO3 -= nitrate, NO2 -= nitrite, PO4 3-= phosphate, K = potassium, Treat. = treatment (type of soil tillage system), and D. Samp. = sampling date.
In Figure 5 b, which shows the CTCP soil tillage system, a high loss (145 g ha -1 ) of nitrite (NO2 -) occurred in collection number 12 (4/21/06), which corresponds to 93% of all the NO2 -lost in the experimental period. This loss also occurred due to the high concentration of the element in water on this sampling date (Table 2 b), which was eight times greater than the concentrations of the previous collections.
The soil management with the mineral fertilizations probably also contributed to this elevated result, especially the topdressing fertilization with urea (Table 1) , which was done mechanically under commercial farming conditions. Thus, a failure possibly occurred in the distribution of this nitrogen fertilizer, with a very high amount of urea falling only on the plot with the CTCP treatment. Nitrite (NO  2 ) is toxic to most soil microorganisms and rarely accumulates in agricultural soils; however, in conditions that favor the presence of free ammonia (NH3), with localized urea fertilization, nitrite accumulation may occur because the bacteria of the Nitrobacter genus are sensitive to urea, and they are the main organisms responsible for the oxidation of nitrite to nitrate (Costa, 2014) .
The water losses on the different sampling dates also followed the same trend as the rainfall erosivity index (EI30) for the soil tillage systems CTCP, CP, CoP, and MTCP (Figure 5 b, c, d , and e, respectively). Low amounts of nutrient losses in water for nitrate (NO2 -), nitrite (NO3 -), and phosphate (PO4 3-) were also observed in these four soil tillage systems, with the PO4 3-results being consistent with those of Barbosa et al. (2009) and Alvarez et al., 2014 , who studied the losses of phosphorus in water. For potassium (K), in these four soil tillage systems, higher values were observed for the losses in water via runoff compared to nitrate (NO3 -), nitrite (NO2 -), and phosphate (PO4 3-). In this study, fitting a model that would express the loss by runoff during the crop cycle of the cotton plant was only possible for potassium (K)-the highest losses of K in water were observed in the CTDP and CTCP tillage systems, whereas the lowest occurred in the CP, CoP, and MTCP tillage systems (Figure 6 a) . The smallest losses of K in water were observed in the more conservationist tillage systems and those with greater conservation of the plant cover. These results agree with those found by Gómez et al. (2009) and Dechen et al., 2015 , who found the highest losses of K in water in conventional tillage system compared to treatments that used crops with soil cover, and disagree with the data published by Bosch et al. (2015) , who found K values in the runoff that were similar in conventional (without plant cover) and no-tillage (with plant cover) tillage systems.
(a) potassium; (b) phosphate; (c) nitrite; (d) nitrate. CTDP = conventional soil tillage and cotton planting in the direction of the slope; CTCP = conventional tillage and contour planting; CP = tillage of soil with a disk harrow and a leveling harrow, followed by contour planting; CoP = tillage by two passes of a leveling harrow followed by contour planting; and MTCP = minimum tillage with contour planting. NO3 -= nitrate, NO2 -= nitrite, PO4 3-= phosphate, and K = potassium. Same letters for the total losses of K in water (g ha -1 ) do not differ between each other by the identity testing of models (p<0.01). The low water erosion losses of the other nutrients studied here-PO4 3-, NO2 -, and NO3 --shown in Figures 6 b, c, and d, respectively-can be explained by the low concentrations of nutrients obtained in the runoff (Table 2) compared to the K concentrations studied here. Guadagnin et al. (2005) also found low concentrations of nitrogen and phosphorus in the losses of such nutrients in water.
For all treatments, the losses of K in the runoff water were significantly higher than the phosphate losses. These results agree with those of Gómez et al. (2009) also observed losses of water soluble K that were nearly 5.3 times greater than the losses of P in water. In this study, a possible explanation for the high losses of potassium in the runoff, compared to the phosphate losses, is that the study was done in a Typical Acric Red-Yellow Latosol with a very clayey texture, where the phosphorus is strongly adsorbed to the sediments (Ker, 1995) , together with the fact that K is more soluble and mobile in the soil compared to P (Oliveira et al., 2015) . From an environmental point of view, the low phosphorus loss in water, combined with the fact that this is a limiting factor for triggering the eutrophication of waters, mean that in this study, such environmental damage to the water resources was reduced due to the class of soil studied (Latosol).
CONCLUSIONS
The losses of water by runoff obtained in this study were highest for the conventional tillage and planting of cotton in the direction of the slope (CTDP); intermediate for the treatment with conventional soil tillage and contour planting (CTCP), the tillage with two passes of a leveling harrow and contour planting (CoP), and the minimum tillage with contour planting (MTCP); and lowest for the tillage with a disk harrow and a leveling harrow, followed by contour planting (CP).
Potassium (K) was the nutrient that had the highest concentrations and losses in water: the highest values were found in the CTDP and CTCP tillage systems, whereas the lowest were observed for the CP, CoP, and MTCP treatments. The concentrations and the losses by water erosion of phosphate (PO4 3-), nitrite (NO2 -), and nitrate (NO3 -) were low in all of the soil tillage systems compared to the losses of K in this study.
